INTRODUCTION
Advances in the understanding regarding the prevalence, etiology and natural progression for temporomandibular disorders (TMD), as well as for the establishment of their treatment strategies, are dependent on reliable and valid diagnostic criteria 26 . Indeed, there has been notable development of screeners for both clinical and epidemiological purposes. The American Academy of Orofacial Pain (AAOP) published its parameters in 1990. Since WKH ¿UVW HGLWLRQ RI WKH VFUHHQLQJ TXHVWLRQQDLUH was presented, subsequent editions have been republished over the course of years, but no VLJQL¿FDQW FKDQJHV KDYH EHHQ PDGH XQWLO WKH ¿IWK edition 2 published in 2013. Although the AAOP questions resulted from consensus among experts, and evolved from instruments and protocols presented in other publications, they have never EHHQ VXI¿FLHQWO\ WHVWHG LQ DGXOWV RU DGROHVFHQWV
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These questions were proposed for the initial screening of patients, and the number of positive responses would help clinicians decide whether a more comprehensive evaluation would be necessary WR REWDLQ D GH¿QLWLYH 70' GLDJQRVLV T h e Re s e a r c h D i a g n o s t i c C r i t e r i a f o r Temporomandibular Disorders (RDC/TMD) 6 were presented in 1992 to promote standardization and replication of research on TMD. They enable clinical researchers to classify TMD subtypes in a similar manner in different countries and languages. The RDC/TMD have been tested in many studies and, although their qualities of accuracy, validity and reliability have been demonstrated, a new version has recently been proposed 25 . They have been applied in countless researches; however, they are GLI¿FXOW WR DSSO\ LQ ODUJH HSLGHPLRORJLFDO VWXGLHV because the protocols are long, time-consuming and require a face-to-face evaluation 3, 21 . A few TMD screeners have been proposed to assess TMD symptoms in epidemiologic studies with children, adolescents 21, 29 and adults 12, 30 . All these VFUHHQHUV DVVXPH VLJQL¿FDQW LWHP RYHUODS ZLWK WKH ten questions proposed by AAOP 2 . Thus, considering the need for and importance of epidemiological researches to screen for TMD among Brazilian population, especially in adolescents, and the importance of the AAOP questions in the world context of orofacial pain, the aim of the present study was to test the reliability and the validity of the published Portuguese version of the AAOP questions, using the RDC/TMD Axis I as a reference standard. Our hypothesis is that a great correspondence between positive answers to the AAOP questions and TMD diagnosis will be found.
MATERIAL AND METHODS

Sampling procedures
The present study is part of a study conducted to explore and to characterize TMD among young Brazilian adolescents. A large sample was selected from the overall 12-14 years-old public schoolchildren of Araraquara city, São Paulo state, Brazil (24 schools, n=7,172). The sample size (n=1,257) was based on 2-5% of TMD pain prevalence in adolescents found in previous researches 5, 20, 22 . This statistical planning assured WKDW ZH ZRXOG EH DEOH WR UHFUXLW D VXI¿FLHQW QXPEHU of participants with TMD. A representative sample was proportionally estimated for each school, based on the number of 12-14-year-old schoolchildren per school. Classrooms were selected by chance, and in those selected, students received a brief explanation about TMD and the aims of the research, as a requirement of the Research Ethics Committee. Adolescents were then invited to participate, and an informed consent form was sent to their parents or legal guardian for signature. The letter provided clear instructions about the methodology and the research objectives. Moreover, parents received a sociodemographic questionnaire and an education brochure presenting information about TMD and forms of control. Exclusion criteria consisted of the presence of odontogenic toothache, not having a signed informed consent form and/or the adolescent not agreeing to participate.
Ethical considerations
This study received the full approval of the Research Ethics Committee of Araraquara Dental School, UNESP -Univ. Estadual Paulista (Process #70/10).
The legal guardians of all adolescents who agreed to participate had to sign the informed consent form. Only those who returned the signed informed consent form and stated their agreement to participate were recruited for the evaluations. TMD experts involved in the face and content validity tests also stated their agreement to participate in the study. All the participants were examined at their own schools.
Instruments
Portuguese version 1 of the questionnaire proposed by AAOP for TMD screening 2 , which is composed of ten questions with dichotomous answers (yes or no);
Portuguese version 24 of the RDC/TMD 6 Axis I diagnosis, in addition to questions #3 ("Have you had pain in the face, jaw, temple, in front of the ear RU LQ \RXU HDU LQ WKH SDVW PRQWK"´ ³+RZ ORQJ DJR GLG \RXU IDFLDO SDLQ EHJLQ IRU WKH ¿UVW WLPH"´ and #14 ("Have you ever had your jaw lock or catch so that it would not open all the way") of Axis II history questionnaire.
Measures a) Face and content validity of AAOP questions
To keep the semantic, idiomatic, cultural and conceptual equivalence of the Portuguese version, face and content validity processes required 20 dentists, experts in TMD and orofacial pain. To evaluate the comprehension index (CI), the questions were pre-tested in 20 adolescent volunteers from public schools, with the purpose of determining the minimal vocabulary level and clarity of questions. If pertinent, item reformulation was performed until a CI higher than 80% was obtained for the content validity ratio (CVR) of the mentioned TMD diagnoses. After conclusion of the selection, we tested the reliability and validity of the residual questions by the same processes described in the previous steps, in order to compare the performance of the reduced items with the original scale. The temporal VWDELOLW\ RI WKH ¿QDO YHUVLRQV ZDV DOVR WHVWHG E\ reproducibility analysis (kappa).
RESULTS
Out of a total of 3,117 adolescents invited to participate in the present study, 1,307 met the inclusion criteria and were present when evaluations were performed (response rate of 41.93%). The majority of the participants were white (67.3%; n=880) and girls (56.8%; n=742 The test-retest reliability for the AAOP questions was: for questions #1, #4 and #5, moderate agreement (respectively k=0.539, 0.430 e 0.492); for questions #3, #7 and #9, substantial agreement (respectively k=0.642, 0.712 e 0.794); and, for questions #2, #6, #8 and #10, perfect and almost perfect agreements (respectively k=1.0, 0.864, 0.821 and 1.0).
The intra-examiner reproducibility RDC/TMD Axis I was: for myofascial pain, almost perfect agreement (k=0.884); for disk displacements, moderate agreement (k=0.529); and for arthralgia/ osteoarthritis, substantial agreement (k=0.795). Considering Axis I diagnostic combinations, for overall TMD substantial agreement was obtained between evaluations (k=0.727), whereas for painful TMD the agreement was considered almost perfect (k=0.856).
c) Reliability and validity of AAOP questions Table 2 shows the resulting KR-20=0.662 for the ten-item scale. In this analysis, questions #8 and #10 presented a KR-20 higher than the overall scale (respectively 0.673 and 0.668). The same LWHPV DOVR GHPRQVWUDWHG ORZ DQG QRQVLJQL¿FDQW inter-item correlations, corroborating their low contribution to the questionnaire. Since these items also presented low CVR, they were excluded from the initial questionnaire and the KR-20 was recalculated. The internal consistency of the revised scale was improved to 0.684, being considered quite similar to that obtained with the eight-item scale (0.673) ( Table 2) . Inter-item correlations SUHVHQWHG IRU WKH ¿QDO YHUVLRQV ZHUH DOO VLJQL¿FDQW and adequate. Using the reliable scales, the validity of the eight-item and the four-item questionnaires was tested considering the results obtained with the reference standard. Similar good results were obtained by using both short and long versions. As can be observed in Table 4 , the best thresholds for detecting overall TMD and painful TMD were in more than two positive answers (>2) for the eightitem questionnaire, and in more than one positive answers (>1) for the four-item version, since they provided the best balance between sensitivity and VSHFL¿FLW\ LQ 52& FXUYH DQDO\VLV )RU ERWK YHUVLRQV excellent specificity was demonstrated (about 90%); however, the questions showed better ability in correctly detecting individuals with painful TMD in comparison with overall TMD. Moreover, the best accuracy values were obtained at the same cut-off values, i.e., at the same number of positive responses (Table 4) . Referred ROC curves are presented in Figure 1 .
7KH WHPSRUDO VWDELOLW\ RI WKH ¿QDO YHUVLRQV ZDV tested in the sample (n=77) again. For the eightitem version, in the cut-off >2 positive answers, kappa value was 0.655, whereas for the fouritem version, in the cut-off >1 positive answers, k=0.840.
DISCUSSION
7KH PRVW LPSRUWDQW ¿QGLQJ RI WKH SUHVHQW VWXG\ was that the adapted Portuguese version of the AAOP questions showed both good reliability and validity for screening TMD in Brazilian adolescents. Basically, the goal of obtaining a validated screener is to use it in a cost-and time-effective manner 12 . Screening tests can be applied in large samples, such as in epidemiological studies, to delineate those individuals who need further evaluation 7 . Screeners are also important for primary care providers to detect a range of conditions and manage the problem or refer it to specialists when necessary. Thus, for the diagnosis of diseases based on symptoms (e.g., TMD, migraine), questionnairebased screening is an interesting approach, because it is safe and relatively inexpensive to use 16 . As previously mentioned, the majority of published TMD screeners 3, 12, 21, 29, 30 present many items overlapping with the AAOP questions for the same purpose. Screening tools are validated by using a diagnostic reference standard (herein, the RDC/TMD Axis I). The term "reference standard" does not imply that the diagnosis is error-free, but that it was the best available diagnostic criterion at the time of the study 16 . The RDC/TMD are the most important diagnostic tool, properly translated into Portuguese 24 and other languages, in addition to being adapted and validated, and have been extensively used since 1992 6 . Today, revised criteria, known as Diagnostic Criteria for Temporomandibular Disorders (DC/TMD), have been presented 25 , but the older RDC/TMD continue the most acceptable and well-known standard for diagnosing TMD in researches, and that is the reason they selected as reference standard in this study, as it has previously been done by others 4, 21, 30 . According to the literature, the RDC/TMD Axis I can be applied to both adults and adolescents 17, 29 . 7KH ¿UVW VWHS LQ WHVWLQJ WKH TXHVWLRQV LV WR assure that adolescents will easily be able to respond to them. Similar to a previous study 29 , our results demonstrated that participants were able to completely understand the questions, which is of particular importance, since they were not VSHFL¿FDOO\ GHVLJQHG WR EH DSSOLHG LQ DGROHVFHQWV The understanding of the questions' meaning is an essential part and, in a recent research 4 , DXWKRUV DWWULEXWHG WKH ORZ VHQVLWLYLW\VSHFL¿FLW\ of the AAOP TMD screening questionnaire in a sample of adolescents to the language used in the VHOIH[SODQDWRU\ TXHVWLRQV DQG WR GLI¿FXOWLHV LQ comprehension.
The reliability analysis of the questions is another extremely important stage and it can be achieved by calculating the reproducibility and the inter-item correlation, as well as by the internal consistency of the instrument 3 . For the test-retest reliability and reproducibility study, the literature suggests an interval of up to one month between the two applications. However, for TMD investigation the interval between the measures should be reduced, due to the intermittent characteristics of its signs and symptoms. As it has previously been recommended 3 , an interval of only one week was chosen for this study. Although an acceptable temporal stability 13 was obtained for all questionnaire items and for both short and long versions in their respective optimal cut-off points, the inter-item correlation analysis showed that LWHPV DQG ZHUH QRW VLJQL¿FDQWO\ FRUUHODWHG with each other. In addition, after removing those items from the questionnaire, the internal consistency value improved -being closer to 70.0%, considered adequate. Accordingly, questions #8 and #10 -which intend to evaluate the history of recent injuries in the head, neck and jaws and the history of any previous treatment for facial pain or jaw problems, respectively -do not seem to be good predictors of a TMD diagnosis. Hence, the eight-item questionnaire presented better ability to detect TMD in the studied population. This is in agreement with other published screeners, questionnaires and checklists, in which injuries in the head, neck and jaws and the history of any previous treatment for facial pain or jaw problems are not explored 10, 12, 21, 29, 30 . The short version of the questionnaire, with only four items, also showed good reliability presenting a KR-20 slightly lower than that achieved with the ORQJ YHUVLRQ DV ZHOO DV VLJQL¿FDQW DQG DGHTXDWH inter-item correlations. Although the results of the multivariate analysis contradict the opinion of experts, who considered questions #1 and #3 the most important items of the questionnaire, the residual items show agreement with a questionnaire previously used for screening TMD in a Brazilian adult population 11 . Question #4, as it regards the self-report of noises in the jaw joints, is present in old 10,29 and recently 30 published screeners. Question #6 is part of question #3 of the RDC/TMD 7 Axis II used as the reference standard for a positive painful TMD diagnosis, which also overlaps with other recently-developed screeners 12, 21, 30 . Question #7 is also presented in other screeners 29, 30 and WKLV LV MXVWL¿HG EHFDXVH RI WKH VWURQJ DVVRFLDWLRQV reported especially between headaches 9,15,19 and neck aches 28 with TMD. Finally, question #9, about occlusal changes, probably evolved from an older proposed screener 10 and makes sense given that a recent study has demonstrated that perceived dental changes were among the most common perceived symptoms in adolescents with TMD
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. It is also important to measure the predictive validity of a questionnaire. Although perfect sensitivity and specificity would be ideal, in clinical practice, the optimal balance depends upon the consequences of classification and misclassification 16 . Once TMD, in general, is not a severe condition and a certain degree of PLVFODVVL¿FDWLRQ LV DFFHSWDEOH LW LV VXJJHVWHG WKDW a clinically useful TMD investigation test needs to present a minimum of 70% sensitivity and VSHFL¿FLW\ 6, 10 7KXV ZH GH¿QHG WKH EHVW cut-off points for both diagnoses as more than two positive responses (>2) for the long version and more than one positive response (>1) for the short version because they provided the best EDODQFH EHWZHHQ VHQVLWLYLW\ DQG VSHFL¿FLW\ YDOXHV as previously recommended 12 . Our results are in agreement with a recent study in which, by using the AAOP questionnaire among adolescents, the YDOXHV RI VSHFL¿FLW\ ZHUH REVHUYHG WR EH KLJKHU than sensitivity values 4 . However, maybe due to the differences in the methodology employed, we were able to reach higher values of sensitivity and VSHFL¿FLW\ 7KH 52& FXUYH DQDO\VLV DOVR FRQ¿UPHG good performances of the questionnaire as a IXQFWLRQ RI VHQVLWLYLW\ DQG VSHFL¿FLW\ RQFH WKH DUHDV presented under the curve were above 85% in all the four graphics (Figure 1 ).
There was a high prevalence of TMD pain observed in our sample (25.2%), in comparison to the previous literature reports (of 2-5%) 5, 20, 22 . Nevertheless, this variability is not surprising, once the TMD prevalence reported in children and adolescents tends to vary considerably within literature due to methodological differences 27 . This can be also attributed to, at least, two more reasons. As previously commented in our recent publication 9 , the prevalence of TMD might be higher in developing countries, since low social status has comprised a risk factor for TMD pain in adults according to a recent study conducted in Brazil 18 . Moreover, the sample invitation procedure consisted of a brief explanation about TMD and its associated symptoms (e.g., headaches, joint sounds, facial pain, limitation of movements) as a requirement of the Research Ethics Committee, and it is possible that adolescents were interested in participating because they had previously noticed some of the symptoms cited by the researchers during the invitation procedure. This might have caused a selection bias that must be considered for the high prevalence of TMD observed in the present study.
$Q HI¿FLHQW VFUHHQLQJ WHVW UHTXLUHV D KLJK 339 but PPVs obtained in the present study are not universally applicable. PPV is determined by 3 IDFWRUV WKH VHQVLWLYLW\ RI WKH WHVW WKH VSHFL¿FLW\ RI the test, and the prevalence of the condition in the population being tested 16 . The higher the prevalence of individuals with a particular condition, the higher the probability of a test to detect the condition, thus increasing the PPV of the test. This is the reason why PPVs for diagnosing overall TMD were higher than for painful TMD, in both short and long versions. In fact, there are people who do not have pain but have received a TMD diagnosis according to RDC/TMD (e.g., disc displacements without pain), leading to a higher prevalence of overall TMD. Furthermore, it is assumed that a screening test is excellent when the sum of the sensitivity and PPV (in percentage) equals at least 150 7 . Thus, the high PPVs obtained due to the high prevalence of WKH FRQGLWLRQ LQ WKH VDPSOH PD\ KDYH LQÀXHQFHG WKH ¿QDO VFRUHV SUHVHQWHG
The results presented show that in both versions the psychometrical properties evaluated remained almost unaltered. The applicability of the short or long version will depend on the clinician's aims and on the resources available to conduct the investigation. But, as proposed, AAOP questions accomplish a good screening for TMD, especially for painful TMD. However, improvements should be made before the questionnaire can be used HI¿FLHQWO\ DQG ZH HQFRXUDJH IXUWKHU UHVHDUFK WR ensure adequate psychometric characteristics. Moreover, a better-designed TMD screener questionnaire has been proposed recently for adults 12 and its use should be considered for further research on screening TMD.
Indeed, some limitations of the present study deserve attention. Firstly, no translation and cultural equivalence has been conducted from the original English version of the questions 2 , which is recommended 23 . We assumed that since these questions were gathered from the Portuguese 1 version of the AAOP guidelines, they have probably resulted from a consensus among the book translators. It should be highlighted that, when a non-English scale version is tested, the original one (in English) should be presented within the publication, accompanied by the English retrotranslation, when conducted 8 . Thus, we emphasize that AAOP items should be translated and validated as recommended before testing their psychometric properties in other languages (non-Brazilian Portuguese).
Secondly, we were not able to measure the TMD graded chronic pain scale because the RDC/ TMD Axis II is not properly validated in English or in Portuguese for use in adolescents. Certainly, it will be possible to assess TMD severity and other features in future evaluations, after the screening test 7 . Thirdly, it is important to highlight that the psychometric properties observed here are related to the use of the aforementioned questions in our VDPSOH ZKLFK PLJKW KDYH EHHQ LQÀXHQFHG E\ WKH high prevalence of TMD observed in this sample. Lastly, we did not make any differential diagnosis other than the RDC/TMD Axis I, as others have done 12, 30 . The strengths of this study include the use of VWDQGDUGL]HG PHWKRGRORJ\ IRU 70' FODVVL¿FDWLRQ together with a well-established method to assess the reliability and validity of measures. In addition, the number of participants in the present study was much higher than it was in other similar researches 4, 21, 29 .
CONCLUSION
In conclusion, we found great agreement between the AAOP screening questionnaire and a positive TMD diagnosis, especially for painful TMD, according to the RDC/TMD Axis I. Nevertheless, the use of a screener should never substitute the "gold standard" for a clinical diagnosis, which consists of combining patients' self-reported symptoms ZLWK D FRQ¿UPDWRU\ FOLQLFDO H[DPLQDWLRQ 2, 10 . We recommend the use of the questions when the TMD screening is intended for application in young Brazilian adolescents.
